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Abstract

Much research over the past five decades has focussed on the repair and replacement of bone. Recently,
the research focus has shifted to nanotechnology since it provides a platform from which to alter and
possibly improve materials’ properties. In this study we have made use of previously developed
electrospun biphasic nanoscaffolds to culture osteoblast cells on, and investigate specific responses of the
cells towards the scaffolds. Osteoclast-like cells and osteoblast cells were cultured separately on the
nanoscaffolds and the proliferation, adhesion and cellular response were determined. In this study, the
mineralisation of the osteoblast cells was observed in a time study. The intracellular calcium ion
concentration and nitric oxide concentration were determined in vitro while the cells were proliferating
on the scaffolds. The expression of endothelial and inducible nitric oxide synthase was determined
immunohistochemically. Quantitative data were obtained from fluorometer studies. Qualitative data was
supplied by light- and fluorescent confocal microscopy. During studies with microscopy, a minimum of
five representative images from each sample were captured. The cells showed increased mineralisation
over time. An increase in intracellular Ca2+ was not observed when compared to the controls. However,
an increase in intracellular nitric oxide formation was detected. Expression of endothelial nitric oxide
synthase but not inducible nitric oxide synthase was detected in vitro. From the results we can conclude
that the scaffolds are biocompatible and conducive to healthy cell growth and differentiation and could
possibly be applied in non-load-bearing bone regeneration and repair applications.

Keywords: Osteoblast, hFOB 1.19, Bone tissue engineering, Mineralisation, Endothelial nitric oxide, Inducible nitric
oxide. Abbreviations: °C: Degrees Celsius; µm: Micrometer; ANOVA: Analysis of Variance; ARS : Alizarin Red-S;
ATR-FTIR: Attentuated Total Reflectance Fourier Transform Infrared; Ca2+: Calcium Ion; CSIR: Council for Scientific
and Industrial Research; DAF-2 DA: 4,5-Diaminoflurescein Diacetate; DAPI: Blue Fluorescent 4’,6-Diamidino-2-
Phenylindole; DCM: Dichloromethane; EDTA: Ethylene diaminetetraacetic Acid; eNOS: Endothelial Nitric Oxide
Synthase; FCS: Fetal Calf Serum; FITC: Fluorochrome Fluorescein Isothiocyanate; HA: Hydroxyapatite; HAM:
Nutrient Mixture F-12; hFOB 1.19: Human Fetal Osteoblast Cell Line; kV: Kilovolts; LDH: Lactate Dehydrogenase;
PBS: Phosphate Buffer Saline; pen/strep: penicillin/streptomycin; RFU: Relative Fluorescence Units; RPM:
Revolutions Per Minute; RT: Room Temperature; SD: Standard Deviation; SEM: Scanning Electron Microscopy; Ti:
Titanium; v/v: volume/volume; XRD: X-Ray Diffraction; β- TCP: β-Tricalcium Phosphate.

Introduction
Bone is dynamic living tissue consisting of macro-, micro- and
nanostructures. Bone consists of nanocrystals of
hydroxyapatite that are dispersed in a matrix of collagen I
[1,2]. Since the early 1960’s, research on bone replacement and
repair focussed more on bioinert materials that are strong, such
as titanium or stainless steel. Current research is directed at
biocompatible and biomimetic materials to replace bone, which
would be able to assist in the healing process [3-7] and start to

dissolve when they are implanted in the body and are being
replaced by the patient’s own tissue [8-11].

Calcium phosphate-based materials are the most widely used in
creating synthetic bioactive bone substitutes for implantations.
Unfortunately, one of the drawbacks of using such materials
(e.g. Hydroxyapatite (HA) and β-Tricalcium Phosphate (β-
TCP)) is their brittleness, which results from a lack of collagen
fibres [4,12-16]. Ideally, a perfectly designed scaffold would
guide and assist in tissue formation when implanted into the
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affected site. The material should be three-dimensional with
pore sizes around 260 µm to promote successful ingrowth of
the surrounding tissue. The scaffold should assist in (a) the
recruitment process of a patient’s own cells to the implant site
and in the process be resorbed by the osteoclasts over time,
whilst (b) the osteoblasts deposit newly mineralised bone
[15,17-21].

Current orthopaedic devices on the market include nails, plates,
screws and joint replacements, dental cranio-maxillofacial
products manufactured from Titanium (Ti) plates and carbon
composite materials used to produce artificial legs
[5,16,22,23]. All these products are metal and thus lack the
necessary porosity that would aid in vascularisation and
subsequent in-growth of tissue. The use of HA-based scaffolds
is very promising since it is proven to be both osteoconducting
and osteo-inducting, promoting osteoblastic cell adhesion,
growth and differentiation of and the formation of new bone
[24-29].

We have shown the successful manufacturing of biphasic
electrospun scaffolds that showed promising results in vitro
[30]. Previously, the proliferation, adhesion and cellular
response of the osteoblast cells were determined using (a)
Lactate Dehydrogenase (LDH) cytotoxicity assay, (b) nucleus
and cytoskeleton dynamics, (c) analysis of the cell cycle
progression, (d) measurement of the mitochondrial membrane
potential and (e) the detection of phosphatidylserine expression
[30]. These electrospun biphasic (HA/β-TCP) nanobioceramic
scaffolds were utilised in this study to monitor hFOB 1.19
osteoblast cells’ response to these scaffolds. We particularly
focussed on the mineralisation of the osteoblast cells after a
number of days growing on the electrospun scaffolds [31,32],
as well as the production of Nitric Oxide (NO), since it is a
signal of possible early increased formation of bone [33]. Our
group also investigated the expression of endothelial nitric
oxide (eNOS) and inducible nitric oxide (iNOS) with specific
antibodies and visualised it with confocal microscopy [34].
The determination of the intracellular calcium concentration of
the osteoblast cells was also included in this study, since an
increase in the intracellular calcium concentration may lead to
a decrease in cell proliferation [35].

Materials and Methods

Fabrication of nano-biphasic scaffolds
The manufacturing and characterisation of the biphasic
bioceramic electrospun scaffolds as previously reported by our
group [30]. The manufacturing of the electrospun scaffolds
was done by using a 40% HA to 60% β-TCP ratio in a 30% v/v
final total. Acetone (50%) and acetic acid (50%) was used as
the solvents and gelatine was added drop wise to the mixture to
reach 5%-7% of the total volume while stirring. Upon the
application of a high voltage (15 kV) it was possible to draw
the biphasic suspension into fibres. These biphasic bioceramic
electrospun scaffolds were then used for cell culture studies
[30]. The scaffolds were characterised by Scanning Electron
Microscopy (SEM), X-Ray Diffraction (XRD) and Attenuated

Total Reflectance Fourier Transform Infrared (ATR-FTIR)
[30].

hFOB 1.19 cell culture
The human osteoblastic cell line hFOB 1.19 (American Type
Culture Collection (ATCC), Arlington, Virginia, USA,
CRL-11372) was cultured in Dulbecco’s Modified Eagle’s
Medium (DMEM) and Nutrient mixture F-12 (HAM) (F-12
media) (1:1), supplemented with 10% (v/v) heat-inactivated
Fetal Calf Serum (FCS) and 1% (v/v) penicillin/streptavidin
(pen/strep) (Gibco, Life Technologies, Johannesburg, South
Africa) at 37°C in an atmosphere of 5% CO2. Cells were
grown in 25 cm2 culture flasks as an adhesion culture and after
3 d transferred to 75 cm2 culture flasks where they were
cultured to reach confluence. Sterilisation of the electrospun
scaffolds was done by immersion in ethanol for 20 min prior to
cell seeding. Cells were seeded at a density of 150,000 cells/
well on the biphasic bioceramic electrospun scaffolds and the
adherent cells were cultured up to 6 d with changing of media
every two days. Detachment of adherent cells was achieved by
adding 0.05% trypsin containing 0.1%
Ethylenediaminetetraacetic Acid (EDTA) and cells were
counted by trypan blue assay using a haemocytometer.

Mineralisation of the hFOB 1.19 osteoblast cell line
The hFOB 1.19 cells growing on the electrospun biphasic
scaffolds were washed with 1X Phosphate Buffer Saline (PBS)
buffer three times and fixed in ice cold 70% ethanol for 1 h.
After fixation, the scaffolds with fixed cells were washed three
times with dH2O and stained with Alizarin Red-S (ARS)
(Sigma-Aldrich SA (Pty) Ltd. (Johannesburg, South Africa))
(40mM, pH 4.1) for 20 min at room temperature. The cells on
the scaffolds were washed several times after incubation with
dH2O several times and observed under the phase contrast
optical microscope (Carl Zeiss, Primo Vert microscope,
Germany) [36].

Intracellular nitric oxide determination in hFOB 1.19
osteoblast cells
The fluorescent probe 4,5-Diaminofluorescein Diacetate
(DAF-2 DA) was used to detect intracellular NO content of
cells, according to manufacturer’s instructions. After
detachment of cells, the cell suspension was centrifuged at
125X g for 10 min. 100,000 cells/well (96-well, black plate)
were cultured for 2 h at 37°C, 5% CO2. After culturing, 200 µl
of the appropriate reaction mixture was added to the wells, as
per manufacturer’s instructions (nitric oxide detection system
(fluorimetric), Sigma-Aldrich, Johannesburg, South Africa).
After 2 h incubation, the fluorescence was measured.
Excitation of DAF-2 DA was at 490 nm and the emitted
fluorescence wavelength was 520 nm. A fluorescent plate
reader (Bio-Tek Instruments, FLx800) was used to read the
fluorescence [34]. The controls for this assay included: (1) a
control with non-induced cells serving as a negative control;
(2) the complete reaction mixture minus any osteoblast cells to
determine baseline fluorescence; and (3) osteoblast cells grown
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on tissue-culture plastic with the addition of the complete
reaction mixture without the dye to determine background
fluorescence.

Intracellular calcium ion concentration determination
in hFOB 1.19 osteoblast cells
The Fluo-4 NW calcium assay kit (Invitrogen, Oregon, USA,
supplied by Life Technologies, Johannesburg, South Africa)
was used to measure intracellular Ca2+ concentration according
to manufacturer’s instructions. Osteoblast cells (125,000 cells/
well, 96-well black plate) were cultured in the presence of the
biphasic bioceramic electrospun scaffolds for a period of 6 d.
Following the manufacturer’s instructions, a stock solution
(250 mM) of probenecid acid was prepared. Probenecid acid
stock solution (100 µl) was added to 5 ml of assay buffer
(supplied in kit) to make a 2X dye solution. The 2X dye
solution (50 µl) was added to each well, incubating the plate at
37°C for 30 min followed by incubation at room temperature
for another 30 min. Excitation of the dye was achieved at 494
nm and the emission of fluorescence was measured at 516 nm
with a fluorescent plate reader (Bio-Tek Instruments, FLx800)
[37]

Endothelial nitric oxide synthase and inducible nitric
oxide synthase determination
Cells were fixed with paraformaldehyde in PBS (2%) for 10
min at 4°C where after samples were permeabilized with
methanol for 10 min at -20°C and washed (1% BSA in PBS).
Osteoblast cells on the scaffolds were incubated at 4°C for 1 h
with either the primary antibody anti-eNOS (1:100) or the
primary antibody anti-iNOS (1:100) (Invitrogen (Pty) LTD,
supplied by Life Technologies, Johannesburg, South Africa).
Goat α-rabbit (1:100) labelled with Fluorescein Isothiocyanate
(FITC) (Rockland, Hamburg, Germany) was used as the
secondary antibody. Cell nuclei were stained with 4',6-
diamidino-2-phenylindole (DAPI) (Invitrogen (Pty) LTD,
supplied by Life Technologies, Johannesburg, South Africa) (3
µM in PBS) for confocal microscopy. The slides were
preserved with FluoroGuardTM reagent and examined with a
confocal microscope (Olympus BX41, CC12 soft imaging
system, Hamburg, Germany) at the electron microscope unit of
the University of Pretoria (Pretoria, South Africa). FITC
fluorescence was excited at 488 nm and emmitance was
measured at 530/30 nm. DAPI’s fluorescence was excited at
405 nm and measured at 420-480 nm [34].

Statistical analysis
Quantitative data were obtained from fluorometer studies
(intracellular NO detection and intracellular Ca2+

determination). Data from three independent experiments
(n=5) are shown as the mean ± Standard Deviation (SD) and
was statistically analysed for significance using the analysis of
variance ANOVA-single factor model followed by a two-tailed
student’s t-test. Means are presented with bar charts, with T-
bars referring to standard deviations. P-values of less than 0.05

were regarded as statistically significant and are indicated by
an asterisk (*).

Qualitative data was supplied by light microscopy (ARS
staining) and fluorescent confocal microscopy (Olympus
BX41, CC12 soft imaging system, Hamburg, Germany).
During studies with microscopy, a minimum of at least five
representative images from each sample were captured.

Results

Characterisation of biomimetic biphasic electrospun
scaffolds
Briefly, as published previously by our group [30], ATR-FTIR
analysis of the biphasic electrospun scaffold showed the
characteristic OH stretching for HA at 3570 cm-1, as detected
in the pure HA sample as well. Peaks are observed at 1416.2
cm-1 and 1486 cm-1. These peaks can possibly be attributed to
the carbonate ion CO3

2-, which is an impurity present in both
pure HA as well as the experimental sample (data published
previously, [30]). SEM images of biphasic electrospun
scaffolds showed beadless and porous nano fibers that were
formed under controlled conditions. The HA/β-TCP with
gelatine electrospun scaffolds showed uniform nano fibers and
interconnected pores with fiber sizes in the 100 ± 10 nm range.
Scaffolds with 5, 7 and 10 % gelatine exhibited better
uniformity of nano fibers. It was decided to use the scaffolds
with 10% gelatine in this study, since these scaffolds presented
the best uniformity of fibers with no beads on string formations
(data published previously) [30].

Alizarin Red-S staining of hFOB 1.19 osteoblast cells
ARS binds selectively to calcium salts and is widely used for
calcium mineral histochemistry. ARS was used to detect
mineralization of the osteoblast cells after 0, 3 and 6 d of
growth [15,36,38]. On d 0, the red staining of calcium salts
was almost non-existent. By day 3 an increase in the intensity
of red staining could be observed while day 6 showed an even
further increase in red staining and thus mineralisation of
hFOB 1.19 osteoblasts (Figure 1).

Figure 1. ARS staining of hFOB 1.19 osteoblast cells grew on
biphasic electrospun scaffolds after 0, 3 and 6 d. Staining was done
to observe the mineralization of the hFOB 1.19 osteoblast cells. An
increase in red hue intensity was noticed as time lapsed which
indicated the mineralization of the osteoblast cells.

hFOB 1.19 osteoblast cells grown on a biomimetic biphasic nanoscaffold: an in vitro evaluation for possible bone
tissue engineering
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Intracellular nitric oxide determination of hFOB 1.19
osteoblast cells
Nitric oxide plays a role in different cellular processes in
control of bone turnover. NO is generated by the endothelial
nitric oxide synthase (eNOS) that is constitutively expressed in
osteoblasts. The eNOS’s role in osteoblasts is to aid in
proliferation and differentiation of the cells. Therefore, the
detection of NO is considered an early indicator of increased
formation of bone. In osteoclasts, decreased levels of NO are
responsible for an increase in osteoclastogenesis and bone
resorption. Higher NO levels in osteoclasts inhibit the bone
resorption process by the inhibition of cytokines that are
associated with osteoclastogenesis [39] (Figure 2).

Figure 2. Graphical representation of intracellular NO determination
in hFOB 1.19 osteoblast cells grown on biphasic electrospun
scaffolds and cultured on tissue-culture plastic (control). Two
additional controls was also included as per manufacturer’s
instructions, namely hFOB 1.19 osteoblast cells grown on tissue-
culture plastic without assay dye (to determine background
fluorescence), as well as complete assay reaction mixture without
cells. The graph is representative of four independent repeats of the
assay, each with an n-value of 3. Standard deviation was indicated by
the T-bars. (*indicates a statistically significant difference when
compared to the osteoclast-like cells grown on tissue-culture plastic
as control, with a p value of <0.05). A significant difference in
fluorescence intensity was observed between the osteoblast cells
grown on the biphasic electrospun scaffolds and cells grown on
tissue-culture plastic as a control. This is indicative of an increase in
intracellular NO concentration which in turn indicates early stages of
bone formation.

Intracellular calcium concentration determination of
hFOB 1.19 osteoblast cells
When foreign materials such as the biphasic electrospun
scaffolds are presented to the in vitro environment of cells, it is
possible for the intracellular calcium ions to be increased. An
increase in the intracellular calcium ion concentration of the
cells could lead to a decrease in cell proliferation, which leads
to lower cell numbers [37].

hFOB 1.19 cells were grown on the scaffolds, as well as a
control of cells grown without scaffolds (on tissue-culture
plastic). An additional control was included-the entire reaction
mixture without any cells present (Figure 3) [37].

Figure 3. Graphical representation of intracellular Ca2+

determination in hFOB 1.19 osteoblast cells grown on biphasic
electrospun scaffolds and grown on tissue-culture plastic (control).
One additional control was also included as per manufacturer’s
instructions, namely an assay cocktail without cells. The graph
represents four independent repeats of the assay, each with an n-
value of 3. Standard deviation is indicated by the T-bars; *indicates a
statistically significant difference when compared to the osteoclast-
like cells grown on tissue-culture plastic as control, with a p value of
<0.05. There was a significant difference between the data collected
from the assay cocktail mix with no cells present and the other two
samples. No significant difference between the hFOB 1.19 osteoblast
cells grown on the biphasic electrospun scaffold and those cells
grown on tissue-culture plastic (control), were detected, indicating
that no significant increase in intracellular Ca2+ ions was detected.

Figure 4. Expression of endothelial nitric oxide synthase (eNOS) in
hFOB 1.19 osteoblasts cultured on glass cover slips as control (a and
b) and on HA/β-TCP/gelatine electrospun scaffolds (c and d)
analysed by confocal microscopy after immunostaining with a
primary polyclonal antibody anti-eNOS and a secondary antibody
labelled with fluorescein (FITC, in green). Expression of inducible
nitric oxide synthase (iNOS) in hFOB 1.19 osteoblasts cultured on
glass cover slips (control) (e and f) and on HA/β-TCP/gelatine
electrospun scaffolds (g and h) analysed by confocal microscopy after
immunostaining with a primary polyclonal antibody anti-iNOS and a
secondary antibody labelled with fluorescein (FITC, in green). Cell
nuclei were stained with DAPI (in blue).

Endothelial and inducible nitric oxide synthase
detection in hFOB 1.19 osteoblast cells
Osteoblast cells are constitutively expressing the enzyme
endothelial nitric oxide synthase. The enzyme plays a key role
in osteoblast activity regulation and the formation of bone as a
result of its involvement in the differentiation and function of
osteoblasts [34,40]. The expression of eNOS was analysed in
the hFOB 1.19 cells cultured on the biphasic electrospun
scaffolds by confocal microscopy making use of the antibody
anti-eNOS. The subcellular localisation of eNOS (indicated in
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green in Figure 4) can be seen in both the control cells (cells
grown on tissue culture plastic) as well as the osteoblasts
grown on the biphasic electrospun scaffold. The nuclei of the
osteoblast cells were stained with DAPI (indicated in blue)
(Figure 4).

Discussion
In Figure 1, the ARS staining of the hFOB 1.19 osteoblast cells
growing on the electrospun biphasic scaffold showed that
mineralization does take place. On d 0, no red stain was seen in
the cells. However, as the cells differentiated into more mature
osteoblasts, the red was visible at d 3 and increased in colour
intensity by d 6, staining positive for mineralization. The ARS
did bind successfully to the calcium salts present in the
osteoblast cells.

Figure 2 represents the intracellular NO determination in hFOB
1.19 osteoblast cells grown on biphasic electrospun scaffolds
and cultured on tissue-culture plastic (control). Two additional
controls were also included as per manufacturer’s instructions,
namely hFOB 1.19 osteoblast cells grown on tissue-culture
plastic without assay dye (to determine background
fluorescence), as well as complete assay reaction mixture
without cells. The graph is representative of four independent
repeats of the assay, each with an n-value of 3. Standard
deviation was indicated by the T-bars. A significant difference
in fluorescence intensity was observed between the osteoblast
cells grown on the biphasic electrospun scaffolds and cells
grown on tissue-culture plastic as a control. This is indicative
of an increase in intracellular NO concentration which in turn
indicates early stages of bone formation.

When a scaffold such as the biphasic electrospun scaffold is
introduced into the cell environment, one can expect some
dissolution of the scaffold. The dissolution of the scaffold
could lead to an increase in the availability of Ca2+ ions in the
media. An increase in the intracellular Ca2+ ions in the cells
could lead to slower proliferation of the cells, which might
have an influence on the cell numbers. From the results as
presented in Figure 3, no significant difference in the
fluorescent intensity of the probe was detected in the osteoblast
cells grown on the electrospun scaffolds when compared to the
cells grown on the tissue-culture plastic as a control. This is
indicative of no increase in the intracellular Ca2+ ion content of
the cells, which might lead to a decrease in cell numbers. There
was, however, a significant difference between the cells that
were grown on the electrospun scaffolds and “no cells in well”
control, as well as the cells grown on the tissue-culture plastic
as control and the “no cells in well” control. This shows that
the assay was performed correctly and that the probe
selectively bound to the intracellular Ca2+ ions.

In contrast to the eNOS’s expression, iNOS is only expressed
in response to external inflammatory stimuli. iNOS expression
was analysed in hFOB 1.19 osteoblasts cultured on the
biphasic electrospun scaffolds using a specific anti-iNOS
antibody and visualising with confocal microscopy. Results
indicated that the amount of iNOS that is expressed in both the

control cells and the osteoblast cells grown on the electrospun
scaffold are not detectable, indicating the absence of pro-
inflammatory stimuli [34,41]. The biocompatibility of the
biphasic electrospun scaffolds is highlighted by the absence of
the expression of the iNOS since the iNOS pathway’s
activation is dependent on pro-inflammatory cytokines and/or
endotoxins (Figure 4).

Conclusion
Previous work published by our group [30] has shown that the
electrospun biphasic scaffolds are appropriate for growth,
differentiation and mineralisation of osteoclast-like- and
osteoblast cells for bone-tissue engineering. In this study, we
have furthered our investigation into the influence that the
electrospun biphasic scaffolds has on, specifically, the hFOB
1.19 osteoblast cells. This study focussed on the mineralisation
of the cells, the intracellular Ca2+ and NO concentration as
well as the expression of eNOS and iNOS by the cells. The
cells showed increased mineralisation with an increase in time,
with d 6 having a more intense red hue when compared to d 0
cells. While the cells were growing on the electrospun biphasic
scaffolds, an increase in intracellular Ca2+ was not observed
when compared to the controls. However, an increase in
intracellular NO formation was detected. These results indicate
that possible early formation of bone is occurring on the
scaffolds. Expression of eNOS but not iNOS was detected in
vitro, showing that the scaffolds are biocompatible and
conducive to healthy cell growth and differentiation and could
possibly be applied in non-load-bearing bone regeneration and
repair applications.
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